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Studies Related to Wilderness

The Federal Land Policy and Management Act (Public Law 94-574, October 
21, 1976) requires the U.S. Geological Survey and U.S. Bureau of Mines to 
conduct mineral surveys on certain areas to determine the mineral values, if 
any, that may be present. Results must be made available to the public and be 
submitted to the President and the Congress. This report presents the data of 
two electrical prospecting techniques conducted in the Owens Peak (CA-010-126) 
Wilderness Study Area, Tulare and Kern Counties, California.

Introduction

During September 1985, two telluric traverses (TT) and fourteen audio- 
magnetotelluric (AMT) soundings were made in and near the proposed Owens 
Wilderness study area (CA-010-026). The soundings and traverses were 
performed in search of buried mineral potential within the proposed wilderness 
area. Electrical data helps to constrain the geologic parameters by mapping 
the electrical response and apparent resistivity of structures and defining 
boundaries not readily visible through other surface mapping techniques. This 
report presents the electrical data with a brief discussion of preliminary 
interpretations to effect timely release.

The Audio-magnetotelluric method

Magnetotellurics (MT) is an electromagnetic sounding method in which 
variations in earth resistivity are measured as a function of depth (Keller 
and Frischknecht, 1966). These soundings are obtained by measuring the 
earth's electromagnetic fields at different frequencies. Because 
electromagnetic waves at lower frequencies penetrate further into the earth 
before they are absorbed relative to higher frequencies, measurement of the 
electromagnetic fields over a broad frequency range gives information on 
resistivity variations with depth. If these measurements are made in the 
audio-frequency range then the technique is called the audio-magnetotelluric 
(AMT) method. This method is discussed in detail by Strangway and others 
(1973) and applications and details of the USGS AMT system are given by Hoover 
and others (1976, 1978) and Hoover and Long (1976).

Calculating the apparent resistivity for AMT is identical to the MT 
method. The AMT system measures both the electric field (E-field) and the 
magnetic field (H-field) at each frequency. Amplitudes of corresponding 
electric and magnetic field pulses are digitized and calculations of apparent 
resistivity are made, using the following Cagniard equation.

p = l/5f[E/H] 2 
a

where p is apparent resistivity in ohm-m and f is frequency in Hz. E is the 
E-field magnitude in mv/km and H is the H-field in gammas.

The depth of exploration of the AMT methods is not only a function of 
frequency, but also of the resistivity of the volume of earth sampled. For a 
homogeneous earth the maximum depth of exploration can be approximated by a 
relationship given by Bostick (1977),

D=355/p~/T 
a



where p& is the half-space resistivity in ohm-m, f is the frequency, and D is 
depth in meters.

As in any sounding technique it should be remembered that the earth is 
being sampled laterally as well as vertically below the measuring station. 
Thus, in areas of complex geology, simple one-dimensional model 
interpretations may be significantly biased and not represent the vertical 
distribution of resistivity beneath the sounding site.

Signal sources for AMI investigations may be either artificial or 
natural. The USGS equipment used in this survey has been designed for use 
with natural sources. The principal source of natural electromagnetic energy 
in the audio-frequencies is electrical discharge during lightning storms. 
Typically, signal strength is low except when generated by local storms. The 
low signal strength can make data quality poor, especially in parts of the 
frequency spectrum (approximately 1 to 4 KHz) where the energy is attenuated 
through propagation in the earth-ionosphere waveguide. The limitations are 
discussed more fully in relation to natural source AMT exploration by Hoover 
and others (1978).

The Telluric Traverse Method

The telluric traverse (TT) method employs natural earth currents 
(telluric currents) at various frequencies to indirectly measure changes in 
earth resistivity along a traverse. The technique was used as early as 1921 
(Leonardon, 1928) by C. Schlumberger, but until recently has not been used 
very much in the United States. Beyer (1977) discusses the method in some 
detail and presents a series of model results computed for two-dimensional 
structures. He concludes that the method is well suited for rapid 
reconnaissance of regions several hundred square-kilometers in area searching 
for targets such as hydrothermal systems. The method should be applicable as 
well to fossil hydrothermal systems and related mineral deposits, because rock 
alteration will remain after the hydrothermal convection cells have ceased. 
We have found that the technique is also very useful in defining faults and 
other boundaries.

In applying the technique, a receiving array of three electrodes is used, 
spaced equidistant and in line. This array is, in effect, two colinear 
dipoles sharing a common electrode. The potential difference across each 
dipole is then proportional to the component of the telluric field in the 
direction of the array. This configuration permits the measurement of the 
ratio of the telluric field at each dipole in the direction of the dipole 
line. The traverse data are extended by moving the three-electrode array 
forward one dipole length so that the forward electrode becomes the center 
electrode for the next ratio measurement. This process is repeated for as 
long as desired.

Telluric measurements are made in a narrow frequency band typically using 
micropulsations near 30 second periods (0.033 Hz), but may be made over a wide 
range of frequencies. Because lower frequency electromagnetic signals 
penetrate deeper than higher frequencies, one can, to some extent, select a 
maximum depth of exploration. The relationship for maximum exploration depth 
is the same as for AMT work. Frequencies selected for this telluric work were 
7.5, 16.7, and 27 Hz. With apparent resistivities ranging from about 100



ohm-m to over 20,000 ohm-m at depth the depth of penetration varied from 0.7 
to over 7 Km. The telluric receiver used was of USGS design and manufacture.

Discussion

The data, fourteen AMT soundings (appendix 1) and two TT lines (appendix 
2), were acquired principally within intrusive granitic rocks of the southern 
Sierra Nevada Batholith (fig. 1). These data show a relatively conductive 
trough on the west side of the study area (fig. 6). The NNW trending low 
resistivity trough encompasses the mines on the north side of Cow Canyon 
(figs. 1 and 3) and correlates with an area of limonite alteration mapped from 
Landsat MSS data (Fred Kruse, 1985, unpublished map).

The electrical data imply that the conductive area represents possible 
hydrothermal alteration in the granites. Data from the two telluric lines 
(fig. 4 and 5) help define the eastern boundary of the low resistivity trough 
and correlate directly with the AMT data. The telluric line, along Cow Canyon 
(fig. 5), shows that the electrical boundary extends over a lateral distance 
of more than 1 km. This suggests a rather diffuse boundary for the inferred 
alteration within the intrusive rocks. An apparent resistivity contour map at 
27 Hz (fig. 6) for the 14 AMT sites illustrates the width and trend of the 
conductive trough. The north and south ends of the conductive trough are not 
closed by the data on the contour map, suggesting that the trough extends 
beyond the study area. An electrical crossection of the inverted soundings 8, 
9, and 10 (fig. 7) show that this conductive zone extends to a depth of 1 to 2 
km.
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Figure 1. Location map for the Owens Peak Wilderness Study Area, AMT station 
locations, and telluric traverses.
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Figure 5. Plot of relative telluric voltage* verses station numbers for
telluric traverse #2. Station 1-0 assigned a value of 1 for the three 
frequencies. Offset between frequencies is one decade for legibility. 
Dipoles are 250 m long.
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APPENDEX 2 

TELLURIC DATA



West Owens Peak, California
Telluric Line 1 (TT-1)

250 m dipoles

Station 
No.

0

1

2

3

4

5

6

25Hz

1.10/.07

1.14/.02

1.03/.04

1.28/.13

1.17/.06

1.43/.05

.97/. 02

Ratio/Std. deviation

16.7Hz

1.05/.10

1.10/.05

1.24/.06

1.26/.13

1. 30/. 04

.99/.04

.987.01

7.5Hz

1.04/. 07

1.117. 04

.957.09

1.37/. 62

1. 15/. 26

.99/.03

.98/.07

4.5Hz

1.08/. 06

1.107. 29

1.18/. 12

1.57/. 37

1.02/. 22

1.08/. 24

.96/.11

25Hz

1.00

1.10

1.26

1.30

1.66

1.94

1.97

1.91

Relative

16.7Hz

1.00

1.05

1.15

1.18

1.49

1.93

1.92

1.88

voltage

7.5Hz

1.00

1.04

1.15

1.09

1.50

1.73

1.71

1.66

4.5Hz

1.00

1.08

1.18

1.39

2.19

2.24

2.4

2.30



West Owens Peak, California
Telluric Line 2 (TT-2)

250 m dipole

Station 
No.

0

1

2

3

4

5

6

7

8

9

10

11

12

13

25Hz

.89/. 03

1.13/.09

.99/. 02

.907.03

.787.04

.857.04

.867.05

.657.06

.767.08

.877.04

.947.08

1.10/. 04

.947.09

1.187. 02

Ratio/Std. deviation

16.7Hz

.91/.04

1.117. 05

.987.03

.887.01

.757.05

.867.02

.837.16

.647.02

.937.10

.867.04

1.07/. 08

1.117. 05

.997.03

1.15/. 09

7.5Hz

.87/.03

1.08/. 12

.95/.07

.92/.04

.687.06

.877.06

.977.08

  ?

1.02/. 24

.997.13

1.02/. 02

1.12/. 07

.927.12

1.20/. 05

Relative voltage

25Hz

1.00

.89

1.00

.99

.89

.66

.560

.48

.31

.24

.21

.20

.22

.20

.24

16.7Hz

1.00

.91

1.01

.98

.87

.65

.56

.47

.30

.28

.24

.25

.28

.28

.32

7.5Hz

1.00

.87

.94

.89

.83

.57

.49

.48

.30

.31

.30

.31

.35

.32

.38


